Introduction {#S0001}
============

Breast cancer is the most frequently diagnosed cancer and the leading cause of cancer-related death in women worldwide.[@CIT0001] In China, the incidence of breast cancer has increased more than twice as fast as the total rates worldwide over the past three decades.[@CIT0002] Current cases of breast cancer in China account for 12.2% of all newly diagnosed breast cancers and 9.6% of all deaths from breast cancer globally.[@CIT0002]

Breast cancer is an endocrine-related cancer, and endocrine biomarkers involved in the etiology of breast cancer may serve as predictors for prevention and early detection.[@CIT0003] Insulin and insulin-like growth factors (IGFs) are key regulators of energy metabolism and cellular growth. Preclinical evidence from experimental investigations has revealed the important role of these hormones, mainly insulin, C-peptide, IGF1, and IGF binding protein 3 (IGFBP3), in the development of multiple cancers, including breast cancer.[@CIT0004]--[@CIT0007] In contrast, clinical and epidemiological studies have revealed mixed findings with regard to the relationships of the biomarkers of insulin and the IGF axis with breast cancer.[@CIT0008]--[@CIT0013]

Most epidemiological studies have supported a positive association between circulating IGF1 and breast cancer risk but have been inconsistent as to whether this association is affected by confounders such as menopausal status.[@CIT0008]--[@CIT0010] Regarding insulin biomarkers, current findings on their relationships with breast cancer have been inconclusive.[@CIT0011]--[@CIT0013] There is experimental evidence indicating the occurrence of crosstalk among biomarkers between insulin signaling pathways and the IGF axis.[@CIT0004]--[@CIT0007] However, to date, few studies have extensively assessed the joint association and interaction patterns of biomarkers of insulin and the IGF axis with breast cancer. In addition, previous studies have mainly focused on European and American women, while evidence from Chinese women is limited.[@CIT0008]--[@CIT0013]

Therefore, we examined the individual and joint associations of biomarkers of insulin and the IGF axis, as well as insulin resistance, with breast cancer and specifically tested the interaction patterns of these markers with breast cancer in this clinical case-control study conducted in China.

Methods {#S0002}
=======

Study Setting, Patients and Recruitment {#S0002-S2001}
---------------------------------------

Between November 2012 and June 2017, patients aged 14 years or older who had undergone surgical procedures were enrolled from the Comprehensive Breast Health Center, Ruijin Hospital, Shanghai Jiao Tong University School of Medicine. Stored hematoxylin and eosin-stained sections from all patients were evaluated by experienced pathologists in the Department of Pathology, Ruijin Hospital. Breast cancer and benign breast disease were diagnosed by histopathologic examination according to the 4th edition of the World Health Organization Classification of Tumors of the Breast.[@CIT0014] Patients who met the following criteria were included in this study: (1) absence of pregnancy, (2) breast cancer or benign breast disease proven by core needle biopsy or open excision biopsy, (3) no preoperative therapy, and (4) complete clinical data. A total of 2536 cases of breast cancer and 2528 age-matched cases with benign breast disease were included in the analysis. The study protocol was approved by the Medical Ethics Committee of Ruijin Hospital, Shanghai Jiao Tong University. All study participants provided written informed consent. A parent or legal guardian signed informed consent for any participant under the age of 18 years. This study was conducted in accordance with the Declaration of Helsinki.

Data Collection {#S0002-S2002}
---------------

Standardized clinical data of patients with breast cancer were obtained from the Shanghai Jiao Tong University Breast Cancer Database. For patients with benign breast disease, standardized clinical data were derived from the Electronic Medical Records of Ruijin Hospital. Clinical information included demographic characteristics, reproductive factors (including age at menarche, number of full-term pregnancies, breastfeeding history, menopausal status, and age at menopause), hormone replacement therapy, and family history of breast cancer.

Body weight and height were measured with patients wearing light indoor clothing and no shoes to the nearest 0.1 kg and 0.1 cm, respectively. Body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared.

Before the surgical procedure, blood samples were obtained after an overnight fast of at least 8 hours. Fasting glucose was measured by a Beckman Coulter-AU 5800 (Beckman Coulter, Inc., Atlanta, GA, USA). Serum insulin (catalog number: 12,017,547 122; lower detection limit: 0.200 uIU/mL) and C-peptide (catalog number: 03184897 190; lower detection limit: 0.010 ug/L) were measured by electrochemiluminescence immunoassay on Cobas E601 analyzers (Hoffman-La Roche Ltd, Basel, Switzerland). Plasma IGF1 (catalog number: L2KGF2; lower detection limit: 20 ng/mL) and IGFBP3 (catalog number: L2KGB2; lower detection limit: 0.1 ug/mL) were tested by chemiluminescent immunoassay using the IMMULITE 2000 system (Siemens AG, Munich, Germany). Each assay had high specificity, for the cross-reactivity with recombinant analogs or relative substances was not detectable or with no clinical significance. The homeostasis model assessment of insulin resistance (HOMA-IR) index was applied to evaluate insulin resistance and was calculated as fasting insulin (µIU/mL) × fasting glucose (mmol/L)/22.5.[@CIT0015] The IGF1/IGFBP3 ratio was calculated.

Statistical Analysis {#S0002-S2003}
--------------------

Patients with benign breast disease were age-matched (plus or minus 1 year) with patients with breast cancer. Characteristics of study participants with breast cancer or benign breast disease were described as the mean (SD) for continuous variables with normal distribution, median (interquartile range) for continuous variables with skewed distribution, or number (proportion) for categorical variables. Differences in distributions of continuous variables between the breast cancer and benign breast disease groups were examined using analysis of variance (ANOVA). Differences in proportions of categorical variables between the breast cancer and benign breast disease groups were compared using the chi-square test. Correlation coefficients between biomarkers of insulin and the IGF axis as well as HOMA-IR were analyzed by Pearson r correlation. Multivariable logistic regression analysis was used to estimate odds ratios (ORs) and 95% confidence intervals (CIs) to represent the relative risk of breast cancer associated with quartiles of the biomarkers of insulin and the IGF1 axis including insulin, C-peptide, IGF1, IGFBP3, and the IGF1/IGFBP3 ratio as well as HOMA-IR. ORs (95% CIs) were adjusted for age (\< 45, 45-\< 65, ≥ 65 years), BMI (\< 18.5, 18.5-\< 23, 23-\< 27.5, ≥ 27.5 kg/m^2^), age at menarche (\< 14, ≥ 14 years), breastfeeding (yes, no), number of full-term pregnancies (0, 1 or 2, ≥ 3), postmenopausal status (yes, no), hormone replacement therapy (yes, no), and family history of breast cancer (yes, no). Stratification analyses were performed to evaluate whether these associations varied across subgroups of age (\< 50 or ≥ 50 years), BMI (\< 23 or ≥ 23 kg/m^2^), age at menarche (\< 14 or ≥ 14 years), or menopausal status (premenopausal or postmenopausal status).

The main association between IGF1 and breast cancer was additionally adjusted for insulin, C-peptide, and HOMA-IR to examine whether the IGF1-breast cancer relationship is independent of insulin, C-peptide, and insulin resistance. Joint associations and interactions of IGF1 with insulin, C-peptide, and HOMA-IR on breast cancer were further analyzed to evaluate the effect modifications of insulin, C-peptide, and HOMA-IR on the association between IGF1 and breast cancer. Multiplicative interactions were tested by including respective product terms (for instance, IGF1 × insulin) as well as the main associations in the models.

All statistical analyses were performed by using SAS software, version 9.2 (SAS Institute). All reported P values are nominal and 2-sided, and a P value of \< 0.05 was considered statistically significant.

Results {#S0003}
=======

Patient Characteristics {#S0003-S2001}
-----------------------

The current analyses included 2536 patients with breast cancer and 2528 age-matched controls with benign breast disease. The basic characteristics of patients with breast cancer or benign breast disease are shown in [Table 1](#T0001){ref-type="table"}. Compared with women with benign breast disease, women with breast cancer had a higher BMI (mean value of 23.1 kg/m^2^ versus 22.8 kg/m^2^, P = 0.002) and were more likely to have 3 full-term pregnancies or more (24.6% versus 20.7%, P \< 0.001) and to be postmenopausal (45.7% versus 42.9%, P = 0.045). In addition, women with breast cancer had higher concentrations of insulin (mean of 7.67 µIU/mL versus 7.13 µIU/mL, P \< 0.001), C-peptide (mean of 1.92 µg/L versus 1.84 µg/L, P \< 0.001), IGF1 (mean of 175.3 ng/mL versus 171.5 ng/mL, P = 0.032) and IGFBP3 (mean of 4.07 µg/mL versus 4.01 µg/mL, P = 0.049), as well as higher HOMA-IR (mean of 1.75 versus 1.61, P \< 0.001) and fasting glucose (mean of 5.3 mmol/L versus 5.2 mmol/L, P = 0.001), than women with benign breast disease. Overall, there were statistically significant positive correlations among insulin, C-peptide, HOMA-IR, IGF1 and IGFBP3 ([[Supplemental Table 1](https://www.dovepress.com/get_supplementary_file.php?f=258357.docx)]{.ul} in additional file).Table 1Basic Characteristics of Study PatientsCharacteristicBrest CancerBenign Breast DiseaseP valueNo. of patients (%)25362528--Age (year)50.4 (10.6)50.2 (10.6)0.63Weight (kg)63.1 (20.7)61.6 (18.4)0.007Height (cm)156.8 (19.5)157.9 (17.4)0.026Body mass index (kg/m^2^)23.1 (3.3)22.8 (3.3)0.002Age at menarche (years)14.5 (1.7)14.5 (1.8)0.91No. of full-term pregnancy (%) 0122 (5.7)164 (7.7)\< 0.001 1 or 21507 (69.7)1534 (71.7) ≥3532 (24.6)442 (20.7)Breastfeeding, yes (%)2072 (81.7)2099 (83.0)0.22Postmenopausal status, yes (%)1147 (45.7)1075 (42.9)0.045Age at menopause (postmenopausal women only) (years)50.1 (3.9)50.1 (3.6)0.93Hormone replacement therapy, yes (%)127 (5.0)116 (4.6)0.49Family history of breast cancer, yes (%)174 (6.9)190 (7.5)0.37Insulin (uIU/mL)7.67 (5.60--10.71)7.13 (5.09--10.04)\< 0.001C-peptide (ug/L)1.92 (1.57--2.39)1.84 (1.51--2.30)\< 0.001HOMA-IR1.75 (1.23--2.57)1.61 (1.11--2.33)\< 0.001IGF1 (ng/mL)175.3 (63.7)171.5 (62.3)0.032IGFBP3 (ug/mL)4.07 (0.89)4.01 (0.75)0.049IGF1/IGFBP3 ratio (×10^−3^)42.8 (12.8)42.3 (12.8)0.29Fasting glucose (mmol/L)5.3 (0.8)5.2 (0.8)0.001[^2]

Associations of Insulin and IGF Factors with Breast Cancer {#S0003-S2002}
----------------------------------------------------------

In general, increasing quartiles of insulin, C-peptide, HOMA-IR, and IGF1 were gradually associated with a higher risk of breast cancer ([Table 2](#T0002){ref-type="table"}). Multivariable-adjusted ORs (95% CIs) for breast cancer associated with the highest quartile versus the lowest quartile of the markers were as follows: 1.41 (1.17--1.71) for insulin, 1.28 (1.05--1.56) for C-peptide, 1.49 (1.23--1.80) for HOMA-IR, and 1.27 (1.05--1.53) for IGF1. The corresponding ORs (95% CIs) of breast cancer were 1.10 (1.04--1.17), 1.07 (1.01--1.14), 1.12 (1.05--1.19), and 1.07 (1.01--1.14) for each 1-quartile increase in insulin, C-peptide, HOMA-IR, and IGF1, respectively. There were no statistically significant associations of IGFBP3 (OR, 1.04; 95% CI, 0.98--1.11 per 1-quartile increase) or the IGF1/IGFBP3 ratio (OR, 1.05; 95% CI, 0.98--1.13 per 1-quartile increase) with breast cancer. Medians and ranges of insulin, C-peptide, HOMA-IR, IGF1, IGFBP3, and the IGF1/IGFBP3 ratio across respective quartiles are shown in [[Supplemental Table 2](https://www.dovepress.com/get_supplementary_file.php?f=258357.docx)]{.ul} in the additional file.Table 2Multivariable Adjusted Odds Ratio (95% CI) of Breast Cancer According to Quartiles of Insulin, C-Peptide, HOMA-IR, IGF1, IGFBP3, and IGF1/IGFBP3 RatioNo. of Breast Cancer/Benign Breast DiseaseOR (95% CI)P for TrendInsulin Quartile 1553/7111.00 (Ref.) Quartile 2644/6261.37 (1.15-1.63) Quartile 3654/6091.35 (1.13-1.61) Quartile 4685/5821.45 (1.20-1.75) Each 1-quartile increase-1.12 (1.05-1.18)\< 0.001C-peptide Quartile 1560/6901.00 (Ref.) Quartile 2644/6421.25 (1.06-1.49) Quartile 3663/6101.28 (1.07-1.52) Quartile 4669/5861.32 (1.08-1.60) Each 1-quartile increase-1.08 (1.02-1.15)0.011HOMA-IR Quartile 1557/7081.00 (Ref.) Quartile 2632/6341.30 (1.09-1.55) Quartile 3650/6161.29 (1.08-1.54) Quartile 4696/5691.53 (1.26-1.85) Each 1-quartile increase-1.13 (1.07-1.21)\< 0.001IGF1 Quartile 1613/6481.00 (Ref.) Quartile 2622/6491.06 (0.89-1.25) Quartile 3630/6381.07 (0.90-1.28) Quartile 4671/5931.27 (1.05-1.53) Each 1-quartile increase-1.07 (1.01-1.14)0.019IGFBP3 Quartile 1439/4281.00 (Ref.) Quartile 2438/4160.98 (0.81-1.20) Quartile 3411/4460.88 (0.73-1.08) Quartile 4477/3871.20 (0.98-1.46) Each 1-quartile increase-1.04 (0.98-1.11)0.18IGF1/IGFBP3 ratio Quartile 1433/4271.00 (Ref.) Quartile 2430/4311.03 (0.84-1.25) Quartile 3446/4151.12 (0.91-1.37) Quartile 4456/4041.18 (0.95-1.47) Each 1-quartile increase-1.05 (0.98-1.13)0.14[^3]

Moreover, the positive associations of each 1-quartile increase in insulin, C-peptide, HOMA-IR, and IGF1 with breast cancer were consistent across stratifications of age, BMI, age at menarche, and menopausal status (all P for interaction ≥ 0.08), indicating no evidence of effect modifications of these conventional risk factors on these associations ([Figure 1](#F0001){ref-type="fig"}). No statistically significant associations of IGFBP3 or the IGF1/IGFBP3 ratio with breast cancer were observed across these stratifications ([[Supplemental Table 3](https://www.dovepress.com/get_supplementary_file.php?f=258357.docx)]{.ul} in additional file).Figure 1Multivariable adjusted odds ratio (95% CI) of breast cancer according to each 1-quartile increase in insulin, C-peptide, HOMA-IR, and IGF1 across stratifications of age, BMI, and reproductive factors. (**A**) Association between insulin and breast cancer. (**B**) Association between C-peptide and breast cancer. (**C**) Association between HOMA-IR and breast cancer. (**D**) Association between IGF1 and breast cancer. Plots (bars) indicate ORs (95% CIs) of breast cancer and were adjusted for age (\< 45, 45-\< 65, ≥ 65 years), BMI (\< 18.5, 18.5-\< 23, 23-\< 27.5, ≥ 27.5 kg/m^2^), age at menarche (\< 14, ≥ 14 years), breastfeeding history (yes, no), number of full-term pregnancies (0, 1 or 2, ≥ 3), postmenopausal status (yes, no), hormone replacement therapy (yes, no), and family history of breast cancer (yes, no). Interactions of each 1-quartile increase in insulin, C-peptide, HOMA-IR, and IGF1 stratified by age, BMI, and reproductive factors were examined by including respective interaction terms into the models.

Independent and Joint Associations of IGF1, Insulin, C-Peptide, and HOMA-IR with Breast Cancer {#S0003-S2003}
----------------------------------------------------------------------------------------------

As shown in [Figure 2](#F0002){ref-type="fig"}, when additionally adjusted for insulin, the OR (95% CI) of breast cancer associated with the highest quartile compared with the lowest quartile of IGF1 decreased from 1.27 (1.05--1.53) to 1.17 (0.97--1.42); in contrast, the significant positive association between insulin and breast cancer persisted with adjustment for IGF1 (OR, 1.41; 95% CI, 1.17--1.71 without adjustment for IGF1; OR, 1.36; 95% CI, 1.12--1.66 with adjustment for IGF1). Similarly, the association between IGF1 and breast cancer was largely attenuated after additional adjustment for C-peptide or HOMA-IR, but the associations of C-peptide and HOMA-IR with breast cancer were not substantially changed after adjusting for IGF1.Figure 2Multivariable adjusted odds ratio (95% CI) of breast cancer according to quartiles of IGF1, with additional adjustment for insulin, C-peptide, and HOMA-IR. (**A**) Association between IGF1 and breast cancer, with additional adjustment for insulin. (**B**) Association between IGF1 and breast cancer, with additional adjustment for C-peptide. (**C**) Association between IGF1 and breast cancer, with additional adjustment for HOMA-IR. Plots (bars) indicate the ORs (95% CIs) of breast cancer and were adjusted for age (\< 45, 45-\< 65, ≥ 65 years), BMI (\< 18.5, 18.5-\< 23, 23-\< 27.5, ≥ 27.5 kg/m^2^), age at menarche (\< 14, ≥ 14 years), breastfeeding (yes, no), number of full-term pregnancies (0, 1 or 2, ≥ 3), postmenopausal status (yes, no), hormone replacement therapy (yes, no), and family history of breast cancer (yes, no). IGF1 and (**A**) insulin, (**B**) C-peptide, and (**C**) HOMA-IR were mutually adjusted. \*P value \< 0.05.

When analyzed jointly, compared with the combined category of the lowest quartile of IGF1 and the lowest quartile of insulin, the highest quartile of IGF1 was associated with an OR (95% CI) of breast cancer of 1.02 (0.68--1.54), 1.51 (1.09--2.10), 1.55 (1.14--2.10), and 1.74 (1.26--2.40) across increasing quartiles of insulin; the significant association pattern between increasing quartiles of IGF1 and elevated risk of breast cancer was more prominent in the highest quartile of insulin ([Figure 3](#F0003){ref-type="fig"}). Compared with the corresponding reference category, the highest quartile of IGF1 was associated with the greatest risk of breast cancer in the highest quartiles of C-peptide (OR, 1.58; 95% CI, 1.15--2.16) and HOMA-IR (OR, 1.87; 95% CI, 1.35--2.58). Similar patterns of joint associations of IGF1 with C-peptide and HOMA-IR on breast cancer were observed.Figure 3Multivariable adjusted odds ratio (95% CI) of breast cancer according to joint categories of insulin, C-peptide, HOMA-IR, and IGF1 in quartiles. (**A**) Joint association of IGF1 and insulin with breast cancer. (**B**) Joint association of IGF1 and C-peptide with breast cancer. (**C**) Joint association of IGF1 and HOMA-IR with breast cancer. Plots (bars) indicate ORs (95% CIs) of breast cancer and were adjusted for age (\< 45, 45-\< 65, ≥ 65 years), BMI (\< 18.5, 18.5-\< 23, 23-\< 27.5, ≥ 27.5 kg/m^2^), age at menarche (\< 14, ≥ 14 years), breastfeeding (yes, no), number of full-term pregnancies (0, 1 or 2, ≥ 3), postmenopausal status (yes, no), hormone replacement therapy (yes, no), and family history of breast cancer (yes, no).

Interactions of IGF1, Insulin, C-Peptide, and HOMA-IR with Breast Cancer {#S0003-S2004}
------------------------------------------------------------------------

Consistently, the association between each 1-quartile increase in IGF1 and breast cancer was strongest in the highest quartiles of insulin (OR, 1.18; 95% CI, 1.04--1.33), C-peptide (OR, 1.23; 95% CI, 1.09--1.39), and HOMA-IR (OR, 1.19; 95% CI, 1.06--1.35; [Figure 4](#F0004){ref-type="fig"}). A statistically significant interaction between IGF1 and C-peptide (P for interaction = 0.016) and a borderline significant interaction between IGF1 and HOMA-IR (P for interaction = 0.061) were detected in the context of breast cancer.Figure 4Multivariable adjusted odds ratio (95% CI) of breast cancer according to each 1-quartile increase in IGF1 across quartiles of insulin, C-peptide, and HOMA-IR. (**A**) Interaction between IGF1 and insulin on breast cancer. (**B**) Interaction between IGF1 and C-peptide on breast cancer. (**C**) Interaction between IGF1 and HOMA-IR on breast cancer. Plots (bars) indicate the ORs (95% CIs) of breast cancer and were adjusted for age (\< 45, 45-\< 65, ≥65 years), BMI (\< 18.5, 18.5-\< 23, 23-\< 27.5, ≥ 27.5 kg/m^2^), age at menarche (\< 14, ≥ 14 years), breastfeeding (yes, no), number of full-term pregnancies (0, 1 or 2, ≥3), postmenopausal status (yes, no), hormone replacement therapy (yes, no), and family history of breast cancer (yes, no). Interactions of each 1-quartile increase in IGF1 with quartiles of insulin, C-peptide, and HOMA-IR were examined by including respective interaction terms in the models.

Discussion {#S0004}
==========

In this large, clinic-based case-control study, we found that concentrations of insulin, C-peptide, and IGF1, as well as HOMA-IR levels, were positively and synergistically associated with breast cancer in Chinese women, and these associations did not differ markedly according to stratification by age, BMI, or reproductive factors such as age at menarche and menopausal status. Specifically, the significant positive association between IGF1 and breast cancer was substantially dependent on, and strengthened by, high levels of insulin and C-peptide as well as insulin resistance estimated by HOMA-IR, indicating effect modifications of insulin, C-peptide, and insulin resistance status on the relationship between IGF1 and breast cancer.

Previous clinical and epidemiological studies assessing the relationship between biomarkers of insulin and the IGF axis and breast cancer have mainly concentrated on individual insulin and IGF factors.[@CIT0008]--[@CIT0013] The most mainstream previous findings documented a positive association between IGF1 and breast cancer, although such an association could vary according to menopausal status.[@CIT0008]--[@CIT0010] A positive but weak association between IGFBP3 and breast cancer has been reported among postmenopausal women, and such an association was more likely attributed to a positive correlation between IGFBP3 and IGF1.[@CIT0009] Epidemiological studies on associations of insulin and C-peptide with breast cancer have yielded contradictory findings, suggesting a positive association,[@CIT0011] an inverse association,[@CIT0012] or no clear association at all.[@CIT0013] These divergent results might be partly due to the heterogeneity of the study populations, the bias introduced by the self-reported diagnosis of breast cancer, and the influence of potential modifiers or confounders.[@CIT0011]--[@CIT0013] Our study extends the current evidence by providing novel findings that IGF1, the primary biomarker of the IGF axis, together with insulin, C-peptide, and insulin resistance, were synergistically associated with breast cancer. Interestingly, the significant association between IGF1 and breast cancer was substantially diminished after additionally adjusting for insulin, C-peptide, or HOMA-IR, suggesting that the positive association between IGF1 and breast cancer was largely dependent on the correlations of IGF1 with these insulin markers.

Importantly, in this study, the positive association between IGF1 and breast cancer was mostly seen in the highest quartiles of insulin, C-peptide, and HOMA-IR. The interaction of IGF1 with C-peptide was most significant, followed by a borderline significant interaction with HOMA-IR. C-peptide and HOMA-IR are markers for pancreatic insulin secretion and insulin resistance, respectively. Laboratory studies have reported that increased insulin can upregulate the production and biological activity of IGF1, which in turn overstimulates cellular proliferation and leads to conditions favorable to tumor growth.[@CIT0016]--[@CIT0018] Our findings further emphasize the effect modifications of elevated insulin secretion and insulin resistance on the relationship of IGF1 with breast cancer, in keeping with the biological function of insulin and the IGF signaling systems.

Furthermore, several confounders, such as age, BMI, and reproductive factors, including age at menarche and menopausal status, may influence breast cancer risk, partially through their relationships with insulin and IGF1.[@CIT0002] As previously detected, the associations of insulin and IGF1 with breast cancer were more prominent in premenopausal women than in postmenopausal women.[@CIT0009],[@CIT0019]-[@CIT0021] IGF1 concentration decreased with increasing age, with no obvious additional decline after approximately 50 years of age.[@CIT0022]--[@CIT0024] Thus, it has been speculated that the inverse association between IGF1 and age might be the key determinant of the varied association patterns by menopausal status.[@CIT0009] Age at menarche is an indicator of puberty development and has also been associated with higher concentrations of IGF1.[@CIT0025],[@CIT0026] In addition, a U-shaped relationship between IGF1 and BMI has been described, such that circulating IGF1 was lower in thin and obese individuals than in individuals with normal weight.[@CIT0027]--[@CIT0029] In this study, the significant associations of insulin and IGF factors with breast cancer persisted after adjustment for age, BMI, age at menarche, and menopausal status, and these associations did not differ markedly across stratifications of these confounders. Our findings indicate that the positive associations of insulin and IGF markers with breast cancer appear to be independent of these conventional confounders. Currently, anticancer therapeutic strategies, including lifestyle and pharmacological interventions, have aimed to reduce circulating insulin or reduce signaling downstream of insulin and the IGF1 receptors.[@CIT0030]--[@CIT0032] Our results further highlight the necessity of considering the interplay between insulin and IGF factors in the prediction and treatment of breast cancer.

The strengths of this study include the relatively large sample size, the pathologically proven breast cancer cases, and the comprehensive measurements of biomarkers of insulin and the IGF axis. Our study also has evident limitations. First, due to a cross-sectional study design, reverse causality may exist. Second, in this study, biomarkers of insulin and the IGF axis as well as HOMA-IR were based on a single measurement for each patient. Thus, random errors associated with assay variation and fluctuations in these measurements within each individual patient may influence the stability of the findings. Third, although we carefully controlled for multiple confounders, residual and unmeasured confounding may still exist; therefore, these findings should be interpreted with caution.

Conclusions {#S0005}
===========

In this large, case-control study, circulating insulin, C-peptide, and IGF1 as well as insulin resistance were positively and synergistically associated with breast cancer in Chinese women. In particular, the association between IGF1 and breast cancer was mainly attributed to effect modifications of insulin, C-peptide, and insulin resistance. Our findings underline the importance of taking into account the synergistic and interactive relations of insulin and IGF factors when developing innovative strategies for targeted prevention and treatment of breast cancer.
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